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Grading of varicesAbstract Purpose: To evaluate the role of CT esophagography in the detection of esophageal var-
ices (OV) and the differentiation of the varices at low risk and those at high risk of bleeding as com-
pared to upper endoscopy.
Patients and methods: This study included 54 consecutive patients with liver cirrhosis. Patients with
active or previous variceal bleeding, or with history of previous variceal ligation or injection were
excluded. OV were best visualized on axial multidetector-CT (MD-CT) images in the post-contrast
portal venous (PV) phase. No oral contrast media or air insufﬂation was used for esophageal lumen
delineation. Four-point conﬁdence scale (scores 1–4) was used to determine the grading of OV by CT
scan:Adiameter threshold ofP2 mmwas used for discrimination between high-risk (score 3 or 4) and
low-risk varices (score 2). Score 1 indicated no varices. Upper endoscopy was the reference standard.
Results: The patients with cirrhosis were 40 males (74%) and 14 females (26%). Their mean age was
56.84 ± 7.52 years. They were classiﬁed according to the CT ﬁndings into group I: 6 patients with no
esophageal varices (11.1%), group II: 32 patients with low risk varices (59.3%), and group III: 16
patients with high risk varices (29.6%). The overall CT sensitivity for detection of OVwas 96%, spec-
iﬁcity 100%, positive predictive value 100% and negative predictive value 66.67%. The CT sensitivity
for the high riskOV cases (100%)was higher than that for thosewith low riskOV (94.12%). Therewas
no signiﬁcant statistical difference in the distribution of age, sex and extra-esophageal CT ﬁndings
between the low and high risk OV cases (P-value >0.05).
Conclusion: MD-CT esophagography is a good alternative non invasive diagnostic tool to conven-
tional upper GI endoscopy for screening (high sensitivity) and grading of esophageal varices in
cirrhosis. The diagnosis of other portal hypertension stigmata does not help in discrimination
264 S.G. Moftah et al.between the low risk and high risk varices. The use of abdominal triphasic CT scan as an initial full
imaging method of cirrhosis is of higher cost-beneﬁt than that of upper endoscopy for screening of
esophageal varices.
 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND license.1. Introduction
Cirrhosis is often complicated by the development of portal
hypertension. Depending on the severity of liver disease as
determined by the Child-Turcotte-Pugh (CTP) classiﬁcation,
between 50% and 80% of patients with cirrhosis will ulti-
mately develop esophageal or gastric varices (1). Because of
the signiﬁcant morbidity and mortality associated with bleed-
ing from varices, patients with cirrhosis undergo screening
for esophageal varices (OV) using upper GI endoscopy. Impor-
tant predictors of bleeding risk include the presence of large
esophageal varices, and CTP Class C. The presence of large
varices is considered an indication for prophylaxis against var-
iceal bleeding with either nonselective beta-blockers or endo-
scopic variceal ligation (2). Patients without varices or with
small varices are not candidates for prophylactic therapy but
need to undergo endoscopic surveillance to monitor for the
development of large varices (3).
Compliance with endoscopic screening recommendations is
limited, given its invasive and expensive nature, the need for
sedation, and the sometimes poor tolerance of the procedure
(4). In an effort to limit the number of patients who should un-
dergo endoscopic examinations, parameters such as platelet
count and prothrombin time; and radiological criteria such
as spleen size, have been studied, but found to be suboptimal
predictors of high-risk varices (5). The lack of beneﬁt of
beta-blockers in unselected patients with cirrhosis and portal
hypertension, and to patients with cirrhosis but without varices
(6) lends importance to the identiﬁcation of patients with large
varices (2). Another group of patients with cirrhosis who un-
dergo frequent endoscopies are those undergoing variceal liga-
tion. It is also unclear based only on endoscopic ﬁndings which
patients are at risk for re-development of varices following var-
iceal obliteration (7). Peri-esophageal varices which cannot be
detected by endoscopy may be an important bed of collateral
vessels to evaluate in patients with portal hypertension (8).
Since CT imaging is non invasive, does not require sedation,
and allows review and accurate measurement of variceal size, it
is reasonable to believe that CT would be better tolerated than
endoscopy by most patients. Furthermore, if the accuracy of
CT in detecting esophageal varices is signiﬁcant, a strategy that
employs initial CT for surveillance for large varices could be
cost-effective (9). Studies suggest that multidetector-CT (MD-
CT) is comparable to upper endoscopy in detecting small and
large varices (10). CT is being discussed as a potential non inva-
sive modality for esophageal varices risk stratiﬁcation (11). A
careful evaluation of high-risk esophageal varices on a liver
MD-CT examination may be useful to avoid performing low-
yield endoscopy (12).
The aim of the work is to evaluate the role of MD-CT
esophagography in detecting esophageal varices and differenti-
ating small (low risk) from large (high risk) varices as com-
pared to the gold standard gastroscopy.2. Patients and methods
This study was conducted upon 54 consecutive patients with
liver cirrhosis. They were selected from the outpatient clinic
and the inpatient section of the internal medicine department,
Ain Shams University Hospitals and Air Force hospital over a
period of about 11 months. They included 40 males and 14 fe-
males and their age ranged from 38 to 75 years. An informed
consent was obtained from all patients.
 Inclusion criteria: patients with cirrhosis diagnosed by: clin-
ical, laboratory and radiological parameters.
 Exclusion criteria:
– Patientswithhistoryof previous variceal ligationor injection.
– Patients with active gastrointestinal bleeding on admission
or previous variceal bleeding or porto-systemic shunts.
– Patients with known hypersensitivity to intravascular con-
trast agent.
 All patients were subjected to the following:
– History taking and clinical examination: with special empha-
sis on symptoms and signs suggestive of chronic liver disease.
– CT scan: was performed using an 8-detector CT scanner (8-
detector lightspeed; GE Healthcare, Milwaukee, WI, USA),
a 4-detector CT scanner (4-detector lightspeed; GE Medical
System, USA) was used in some patients. Images were
obtained from the dome of the diaphragm to the bottom
of the liver during a single breath-hold. CT scan parameters
were acquired with a 2.5 mm slice thickness, 1.5 reconstruc-
tion intervals, 140 kV, 200–300 mA and 0.8-s gantry rota-
tion time. A triphasic dynamic study was performed after
administration of intravenous 100–150 ml, nonionic con-
trast material (Iopamiro 300; Bracco, Milano, Italy) via
an antecubital vein at a rate of 4 ml/s using an automatic
pump injector (Angiomat 6000; Liebel-Flarsheim). No
patients received air insufﬂation or oral contrast material
for esophageal lumen delineation. Scanning was done at
20–25 s after the start of injection (arterial phase), at 60 s
(portal venous phase) and after 180 s (delayed phase). The
images were sent to the workstation (Hp xw 8600, AW Vol-
ume share 4, GE medical systems SCS, France) and axial
images were obtained with a slice thickness of 5 mm and
an interval of 2.5 mm. Coronal and sometimes sagittal
reformats were reconstructed if needed with an interval
and a slice thickness of 3 mm each.
– Upper endoscopy: was done for all patients using an Olym-
pus 2 channels videoscope (Gif2T200) No. (2701057) and in
some patients an Olympus 1 channel videoscope (GifQ230)
No. (2701467). Upper endoscopy was the reference stan-
dard for the diagnosis of OV.
 Detection of esophageal varices by CT scan:
They were best visualized on axial images in the post-
contrast portal venous or delayed phases. They present as
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tures on axial cuts (linear on coronal and sagittal refor-
mats) that show marked enhancement. Non enhancing
esophageal wall thickening alone was not considered a
diagnostic sign. Two blinded, experienced radiologists were
asked to review the images for the detection (and grading)
of esophageal varices and of other ﬁndings associated with
liver cirrhosis.
 Grading of esophageal varices:
– By CT scan: The CT images were reviewed to detect the
presence of high-risk esophageal varices with a 4-point con-
ﬁdence scale for the development of variceal bleeding
according to their maximum diameter (scores 1–4): (1) def-
initely low-risk or no varices; (2) probably low-risk; (3)
probably high-risk; and (4) deﬁnitely high-risk. The maxi-
mal short-axis diameter of the largest enhancing varix was
measured by the use of an electronic caliper on one-format
PACS images. A conﬁdence score of 4 was assigned if the
diameter was deﬁnitely >3 mm, a score of 3 if the diameter
was between 2 and 3 mm, a score of 2 if the diameter was
between 1 and 2 mm and a score of 1 if the diameter was
<1 mm (11,12). A threshold of P2 mm was used for dis-
crimination between high-risk (score 3 or 4) and
low-risk varices (score 2). Cases with no OV or very low risk
i.e., <1 mm (score 1) were separated in an individual
group.
– By endoscopy: Esophageal varices were graded by endos-
copy into 4 grades according to their size, and the presence
of mucosal red signs (i.e., red wale, hemocystic, or cherry
red spots). Grade 3 was chosen as a cutoff point to deﬁne
high-risk varices, based on the possibility to develop esoph-
ageal bleeding (13). Cases with at least one of the following
criteria were deﬁned as high risk: any grade III or IV, muco-
sal red signs, and recommendation of endoscopic or medi-
cal prophylactic therapy (11).
2.1. Statistical analysis
Analysis of data was performed using SPSS 17 (Statistical
Package for Scientiﬁc Studies) for Windows. Description
of quantitative variables was in the form of mean and stan-
dard deviation (SD). Description of qualitative variables
was in the form of numbers (No.) and percents (%). Com-
parison between quantitative variables was carried out by
Student’s T-test and ANOVA test and between qualitative
variables by Chi-Square test. Results were expressed in
the form of P-values: Non-signiﬁcant when P-value
>0.05, signiﬁcant when P-value 60.05 and highly signiﬁ-
cant when P-value 60.01. Evaluation of CT scan as a
screening test for OV was done by calculating: sensitivity,
speciﬁcity, accuracy, positive predictive value (PPV) and
negative predictive value (NPV), with endoscopy as the ref-
erence standard.
For assessing inter-observer reliability of CT scan, measure-
ment of agreement between the 2 observers’ readings was done
as following: Binary correlation was carried out by Pearson
correlation test for quantitative variables (results were ex-
pressed in the form of P-values) and Kappa measures of agree-
ment were done for qualitative variables.3. Results
The 54 patients with cirrhosis included 40 males (74%) and 14
females (26%). Their mean age was 56.84 ± 7.52 years.
According to the CT ﬁndings, cases were classiﬁed into:
 Group I: 6 patients with no esophageal varices (11.1%)
including 5 males and one female e.g., illustrated Case
No. 1.
 Group II: 32 patients with low risk varices (59.3%) includ-
ing 22 males and 10 females e.g., illustrated Case No. 2.
 Group III: 16 patients with high risk varices (29.6%) includ-
ing 13 males and 3 females e.g., illustrated Case No. 3 and
4.
3.1. Evaluation of CT as a screening test for esophageal varices
Upper endoscopy detected 4 negative cases, 34 cases with low
risk OV and 16 cases with high risk OV. Two male patients un-
der-diagnosed with no OV by CT scan showed grade I low risk
varices by upper endoscopy (2 false-negative cases by CT
scan), (Table 1). The overall CT sensitivity was 96%, speciﬁc-
ity 100%, accuracy 100%, PPV 100% and NPV 66.67% in
comparison to the gold standard upper endoscopy. CT sensi-
tivity among the cases with low risk OV (Group II) was
94.12%, while that among those with high risk OV (Group
III) was 100%.
3.2. Evaluation of inter-observer reliability of CT scan as a
screening test for OV
There was a highly signiﬁcant complete agreement between the
2 observers’ readings (P-value <0.01). The mean OV size de-
tected by reader 1 was 1.473 ± 1.505 and that detected by
reader 2 was 1.469 ± 1.511. Kappa measure of agreement
equaled 1.00.
3.3. Grading of esophageal varices into low and high risk OV by
CT scan
There were 32 patients (66.7%) with low risk OV and 16 pa-
tients with high risk OV (33.3%) among the patients diagnosed
with OV by CT scan. There was a close correlation and a sub-
stantial agreement between the endoscopic and the CT grading
of OV (P-value <0.05).
3.4. Comparison between patients with low and high risk OV
The mean age in the low risk and high risk cases was
56.47 ± 7.747 and 57.63 ± 7.201 years respectively. The cor-
relation coefﬁcient between the patients’ age and the OV size
was 0.084 and the P-value was 0.618 (non signiﬁcant). There
was no signiﬁcant difference in the sex distribution among
the low and high risk OV cases (P-values = 0.501). The ex-
tra-esophageal CT ﬁndings detected among cirrhosis cases
are summarized in Table 2.
There was no signiﬁcant difference in the presence of
splenomegaly and splenic varices among the low and high risk
Case No. 1 Normal esophageal lumen with no varices (score 1) was seen on axial post-contrast CT scan (arrow in image A) and
endoscopy digital image (image B). Para-esophageal varices (arrows in image C) were also detected.
Case No. 2 Low risk varix of 1.32 mm maximum diameter (score 2) was seen on axial post-contrast CT scan (arrow in image A) as an
enhancing dot-like intraluminal structure and on endoscopy (arrow in image B) as a linear intraluminal tubule.
266 S.G. Moftah et al.OV cases, P-values = (1) and (0.728) respectively, Diagrams
(1A and B).
There was no signiﬁcant difference in the presence of hepa-
tic focal lesions [i.e., hepatocellular carcinoma (HCC) as
proved by CT criteria ± biopsy] (Diagram 2A) and hepato-
megaly (Diagram 2B) among the low and high risk OV cases
(P-values = 0.357 and 0.318, respectively).
There was no signiﬁcant difference in the presence of ascites
(Diagram 3A) and portal vein (PV) thrombosis (Diagram 3B)
among the low and high risk OV cases (P-values = 0.423 and
0.167, respectively).
There was no signiﬁcant difference in the presence of gastric
varices (Diagram 4A) and para-esophageal varices (Para-OV)
(Diagram 4B) among the low and high risk OV cases (P-val-
ues = 0.297 and 0.702, respectively).
3.5. Illustrative cases
4. Discussion
It is estimated that approximately 60–80% of patients with cir-
rhosis develop esophageal varices during their life at a rate of
5% per year, and the progression from small to large varices
occurs in 5–10% of patients after the ﬁrst year (14). Upper
GI endoscopy is usually performed for the evaluation of
esophageal varices in cirrhotic patients to avoid life threaten-ing bleeding (15). Screening every year in patients with small
varices and every 2–3 years in patients without varices was rec-
ommended to allow initiation of primary preventive treatment
(16), this means that a large number of cirrhotic patients un-
dergo unnecessary endoscopic examination. Since anxiety,
pain, chocking and abdominal discomfort are not uncommon
and also severe adverse complications of upper GI endoscopy
have been reported in 0.05% in addition to the cost of proce-
dure, a non-invasive alternative to endoscopy seems necessary
(17). Although liver CT images always cover the distal esoph-
agus where all varices occur, some radiologists do not com-
ment on either the presence or the degree of esophageal
varices in radiological reports (12). A less invasive, better tol-
erated and less expensive test with high sensitivity and speciﬁc-
ity for detection of large varices would allow for better
selection of patients to undergo endoscopic screening for large
esophageal varices (5).
In the current study, MD-CT esophagography – not only in
detecting esophageal varices but also in accurately measuring
their sizes – is worth noting. CT scan had a sensitivity of
96%, a speciﬁcity of 100%, a PPV of 100%, a NPV of
66.67%, and an accuracy of 100%, with endoscopy as the ref-
erence standard. CT sensitivity among the high risk OV cases
(100%) was higher than that among those with low risk OV
(94.12%). The low NPV is attributed to the difﬁculty in ﬁnding
a larger number of cirrhotic cases with no history of OV that
are willing to undergo endoscopy for research purpose. The
Table 1 The measures of the CT sensitivity and speciﬁcity.
Endoscopy/CT Esophageal varices No esophageal varices
Positive 48 0
‘‘True positive’’ ‘‘False positive’’
Negative 2 4
‘‘False negative’’ ‘‘True negative’’
Table 2 Extra-esophageal CT ﬁndings among cases with
cirrhosis.
Extra-esophageal CT ﬁndings No. %
Splenomegaly 49 90.7
Splenic varices 39 72.2
Hepatocellular carcinoma 33 61.1
Hepatomegaly 27 50
Ascites 24 44.4
Gastric varices 11 20.4
Para-esophageal varices 10 18.5
Portal vein thrombosis 5 9.3
Case No. 3 High risk varices were seen on axial post-contrast
CT scan in the portal venous phase (arrow in image A) as an
enhancing dot-like submucous structure of 2.67 mm maximum
diameter (score 3) and on endoscopy as tortuous linear intralu-
minal structures (arrows in image B). Coincidental right para-
esophageal varices are also detected on axial post-contrast CT
scan (arrows in image C).
Case No. 4 High risk varices were seen on axial post-contrast portal
intraluminal round/oval structures of 5.67 mm maximum diameter (s
endoscopy (arrows in image B). Coincidental gastric varices (arrows in
D) are seen on axial post-contrast CT cuts. The focal lesions were pro
phase (image not shown) and early washout in the portal venous pha
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sented the most important limitation mostly due to its invasive
technique as compared to CT scan.
Kim et al. study in 2007 (10) got results as follows; sensitiv-
ity 92%, speciﬁcity 84%, PPV 55%, NPV 98% and accuracy
85%. Esophageal lumen was insufﬂated in order to visualize
the varices. This procedure had a negative effect on the abilityvenous phase CT scan (image A) as markedly enhancing multiple
core 4) and as prominent linear tortuous intraluminal tubules on
image C) and two right lobe hepatic focal lesions (arrows in image
ved to be HCC by CT criteria: early enhancement in the arterial
se (image D).
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Diagram 1 (A) Splenomegaly and (B) splenic varices among the low and high risk OV.
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Diagram 2 (A) Hepatic focal lesions and (B) hepatomegaly among low and high risk OV.
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Diagram 4 (A) Gastric varices and (B) para-OV among the low and high risk OV.
268 S.G. Moftah et al.to visualize and accurately measure small varices. The previous
studies done by Kim et al. in 2007 (10) and Ba-Ssalamah et al.
in 2009 (18) included the use of oral contrast agent, so residual
contrast material coating the luminal surface may have inter-
fered with the detection of some small varices. Also, in Kim
et al. study in 2007 (10), a conventional liver CT protocol
was used rather than a dedicated protocol optimized for the
evaluation of esophageal varices. A study by Perri et al. in2008 (9) mentioned that sagittal and coronal images with iso-
tropic spacial resolution potentially decrease measurement var-
iability of the vessels displayed within the imaging plane. Kim
et al. study in 2007 (10) proposed that the use of virtual esoph-
agography might be impractical because of time-consuming
and invasive insertion of the esophagus with a catheter for
air insufﬂation. Insufﬂation alters both the luminal pressure
and the hemodynamics of the varices. Perri et al. in 2008 (9)
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tended state might provide a more proper assessment for
bleeding risk as variceal bleeding occurs while the esophagus
is in its normal non-distended state.
Considering the results of the previous studies, our CT pro-
tocol did not include air insufﬂation or oral contrast agent for
delineation of the esophageal lumen. In agreement, additional
coronal and sagittal images showed little practical help and the
axial images of the post-contrast portal venous phase were the
base to evaluate OV.
Up to 30% of patients screened by endoscopy are found to
have moderate-to-large varices (P5 mm diameter), (19) which
are at high risk of hemorrhage (20). With advancement in MD-
CT imaging, a diameter threshold of P2 mm for discrimina-
tion between high-risk varices (score 3 or 4) and low-risk var-
ices (score 2) was used (11,12). The tighter diameter size
threshold was chosen in the present study, score 1 (no varices)
was separated in an individual group.
CT permits evaluation of extra-luminal pathology that
impacts management. Abdominal CT as the initial screening
test for varices could be cost-effective. Spontaneous
portosystemic shunts, esophageal and gastric varices, and
peri-luminal varices are increasingly recognized in patients
with cirrhosis (9). Para-OV may be seen as dilated veins clo-
sely juxta-posed to the outer wall of the esophagus. It is not
always easy to distinguish para-OV from OV, especially if
the esophageal wall is collapsed, given their intimate ana-
tomic relationship (21). Para-esophageal varices are less
prone to hemorrhage. Esophageal and para-OV are slightly
different in venous origin, but they are usually found
together (22).
Para-esophageal and gastric varices were found in 18.5%
and 20.4%, respectively of our patient population. Hepato-
cellular carcinoma was detected in 61.1% of the cases. There
was no signiﬁcant statistical difference in the distribution of
the patients’ age, sex and extra-esophageal CT ﬁndings be-
tween the low and high risk OV cases. Although, the PV
thrombosis might have increased the high risk group of OV
by increasing the portal hypertension, there was no statistical
difference between the low and high risk OV in those cases.
This may be explained by the low number of PV thrombosis
detected in the studied cases and by the lack of close follow
up of OV which may have detected change of grading toward
the high risk group in the cases complicated by PV
thrombosis.
In conclusion, MD-CT esophagography is a good alterna-
tive diagnostic tool to conventional upper GI endoscopy for
screening (high sensitivity) of esophageal varices and grading
of its risk of bleeding in cirrhosis. The diagnosis of other portal
hypertension stigmata does not help in discrimination between
the low risk and high risk varices. The role of abdominal tri-
phasic CT scan, to screen the liver for the presence of focal le-
sions (that are not uncommon with cirrhosis) and to assess
portal hypertension signs, is of higher cost-beneﬁt as an initial
full examination method in patients with cirrhosis (multi-pur-
pose) than that of upper endoscopy for screening and grading
of esophageal varices.
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